M.RosenExposition by Emil Artin: A SelectionHistory of Mathematicsvol. 302006American Mathematical Society/London Mathematical SocietyProvidence/London978-0-8218-4172-3343 pages. $59  by Fenster, Della D.
Reviews / Historia Mathematica 35 (2008) 47–60 53
a 1980 paper by Gray on the same subject. He discusses earlier work on the rotation of rigid bodies beginning with
Euler and notes that Rodrigues’s aim was to draw attention to rigid body motions as an important object of study. He
argues that though the mathematical community was not aware of it, Rodrigues’s paper did, in fact, both make use
of the idea of transformation groups and display a clear concern for the issue of noncommutativity of composition
of rotations. These fundamental concepts were rediscovered independently, but Rodrigues’s work, due to lack of
readership, remained unknown for some time.
Eduardo Ortiz takes up the theme of later research on rotations in the final chapter. Following Hamilton’s discovery
of quaternions in 1843, rotations were studied principally using this tool. Ortiz gives a nontechnical account focusing
on their reception in the French context. This was a gradual process that began to bloom in the 1870s, due to the
interests of Hoüel, Allégret, and others. Ortiz also provides an interesting picture of the next generations of Rodrigues’s
mathematical family members: Hermite, Picard, and Borel are among them.
Two other chapters, by Richard Askey and Ulrich Tamm, investigate details of other aspects of Rodrigues’s
mathematical work. Askey draws a mathematical connection between one of Rodrigues’s formulae for Legendre
polynomials and a later combinatorial result obtained by Rodrigues. He concludes that Rodrigues would likely have
been surprised by this connection, an observation which underlines the primarily mathematical character of this pa-
per. Tamm surveys Rodrigues’s work in combinatorics and provides a technical mathematical discussion, rooted in
Rodrigues’s work, bringing the account of these subjects up to the present.
On the whole, this book provides a rich and culturally embedded picture of an unusual figure of the 19th cen-
tury. His uniqueness stems not only from his wide range of interests and passions and his high level of accom-
plishment in each, but also from his sheer lack of recognition by both the historical and history of mathematics
communities. Rodrigues, until this book, was often portrayed as having failed to some degree in his quest for so-
cial reform, due to his succession by a more charismatic leader; worse still, he was often forgotten completely
and rarely received credit for his accomplishments. This book, however, portrays Rodrigues in a different light,
not only presenting his mathematical work but also providing a much fuller picture of his accomplishments and
even of his personality. There remain some aspects of his activity that have not been investigated in detail in this
book, and thus the reader is forced to look elsewhere for information pertaining to Rodrigues’s views on the reform
of banking, social justice, and equality of the sexes. Despite this, the book is interesting and remarkably com-
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As an undergraduate mathematics major at Brandeis University, number theorist Michael Rosen studied and
mastered Emil Artin’s Galois Theory and Geometric Algebra. In class, he learned algebra from B.L. van der Waer-
den’s Modern Algebra, a book that took its shape, in part, from the lectures of Artin and Emmy Noether. Before
he earned his undergraduate degree, Rosen was acquainted with the “Artin reciprocity law, Artin L-functions, Ar-
tinian rings and the famous Artin conjectures” (p. 1). For Rosen, “Artin’s influence seemed to be everywhere”
(p. 1).
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Not surprisingly, Rosen hoped to study under Artin at Princeton. By the time he arrived at Princeton in 1959, how-
ever, Artin had submitted his resignation and returned to Hamburg University in Germany. “Luckily,” as Rosen puts
it, “the printed word remained” (p. 1). Nearly 50 years later, Rosen has compiled a memorable collection of Artin’s
“gem-like” books and articles in this volume for others to benefit from the “printed word” of Emil Artin. Specifi-
cally, Rosen includes three short books, The Gamma Function, Galois Theory, and Theory of Algebraic Numbers.
Although Rosen describes these texts as “expository in nature,” he has selected them to provide “examples of Artin’s
deep feeling for the beauty of his subject, as well as his originality and unique point of view” (p. 4). He also includes
several papers on subjects as diverse as algebra, topology (theory of braids), analysis, and the history of mathematics,
some translated into English from the original German. Unfortunately, however, Rosen does not include any of Artin’s
important papers on L-functions or the arithmetic of hypercomplex number systems (see Artin, 1923, 1928a, 1928b,
for example). The book consists of a short biographical introduction to Artin (less than four pages), an overview of
the material contained in this volume (nearly six pages), and a collection of (some of) Artin’s original works (nearly
250 pages). In a sense, then, Rosen wants the book to meet today’s reader where he himself met Artin many years
ago, that is, in Artin’s beautiful writing.
Born in fin-de-siècle Vienna to an art dealer (father) and opera singer (mother), Artin embodied and reflected the
rich cultural influences of the late Habsburg Empire throughout his life. Aside from a year of study in Paris at the age
of 14, Artin had an otherwise lonely childhood (p. 1). After his first semester at the University of Vienna in 1916,
he was drafted into the Austrian Army, where he served until the end of World War I. In 1919, he enrolled at the
University of Leipzig and completed his doctorate under the direction of Gustav Herglotz in only two years. Rosen
calls special attention to Artin’s particularly productive decade of mathematical work from 1921 to 1931.
At the suggestion of Herglotz, Artin spent the 1921–1922 academic year at the mathematically vibrant University
of Göttingen (p. 2). He then moved to the recently opened University of Hamburg where he could “establish his own
circle” [Yandell, 2002, 232]. It was in his year at Göttingen, however, that Carl Ludwig Siegel loaned Artin a copy
of Teiji Takagi’s recent paper on class field theory [Yandell, 2002, 232]. “In an attempt to better understand Takagi’s
results,” Rosen claims, “Artin was led to formulate what is now known as the Artin reciprocity law, undoubtedly his
crowning mathematical achievement, a pinnacle of algebraic number theory” (p. 2). This single observation suggests
a compelling line of further investigation into the genesis of Artin’s reciprocity law. Above all, Artin’s “stopover” year
in Göttingen underscores the critical importance of the exchange of ideas in mathematics. If Rosen conveys no other
message to his readers, particularly his younger readers, the book will stand as a success. But Rosen conveys much
more.
He notes Artin’s 1929 marriage to Natalie Jasny and their subsequent emigration to the United States in 1937.
Through the efforts of Solomon Lefschetz and President Father John Francis O’Hara at Notre Dame, Artin had a
mathematical home in that critical first year of life in America [Fenster, 2007]. Artin’s lectures at Notre Dame led to
his influential text Galois Theory, which Rosen includes in its entirety in this volume.
After a year at Notre Dame, Artin moved to a permanent position at Indiana University. While there, he began
his collaboration with George Whaples of the University of Pennsylvania and introduced the concept of a valuation
vector. Briefly, the set of valuation vectors contains (in the set-theoretic sense) the set of idèles introduced by Claude
Chevalley. Artin and Whaples’ valuation vectors are the additive version of the idèles. As the title of their paper
“Axiomatic Characterization of Fields by the Product Formula for Valuations” suggests, Artin and Whaples used these
notions to derive from simple axioms all the basic statements of algebraic number theory, including, for example, the
Dirichlet Unit Theorem (without need of Minkowski’s lattice theory) and the theorem that the class number is finite
[Fenster, 2007]. By including the Artin–Whaples papers in this volume, Rosen establishes the frame for Artin’s Theory
of Algebraic Numbers (see below), published roughly a decade later.
In 1946 Artin accepted an offer to join the Princeton faculty. He moved through the ranks at Princeton, holding
positions as Professor of Mathematics (1946–1948), Dod Professor of Mathematics (1948–1953), and, finally, Henry
B. Fine Professor of Mathematics (1953–1959). That Artin was awarded the Fine Professorship stands as a testimony
to the success he achieved in America. Only Oswald Veblen and Solomon Lefschetz, two cornerstones of the Princeton
mathematics department and American mathematics in general, had held this position since the time of its inception
in 1926 [Fenster, 2007].
In 1956, Artin took a sabbatical and returned to Germany for the first time in almost two decades. He spent the first
semester at Göttingen and the second semester at Hamburg. While at Göttingen, Artin gave what Rosen describes as
a “beautiful set of lectures on algebraic number theory” (p. 3). George Würges compiled the notes from this course,
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George Striker translated them (and, apparently, in the 1950s and 1960s, made them available for $2.50 per copy), and
Rosen includes them in their book form in this volume. As in the Artin–Whaples collaborative work, this text provides
an introduction to algebraic number theory using the methods of valuation theory. Rosen’s thoughtful selection of
material highlights this connection between Artin’s work with Whaples and his later presentation of algebraic number
theory.
While Artin is rightfully remembered for his contributions to algebraic number theory, and class field theory in
particular, Rosen also calls attention to his contributions to the theory of braids. His 1950 article on this topic appeared
in The American Scientist and, by design, provides a true introduction to the field. Artin draws in his reader when he
writes (p. 291) that
[t]he theory of braids shows the interplay of two disciplines of pure mathematics—topology, used in the definition of
braids, and the theory of groups, used in their treatment.
The fundamentals of the theory can be understood without too much technical knowledge. It originated from a much
older problem in pure mathematics—the classification of knots. Much progress has been achieved in this field; but all
the progress seems only to emphasize the extreme difficulty of the problem. Today we are still very far from a complete
solution. In view of this fact it is advisable to study objects that are in some fashion similar to knots, yet simple enough so
as to make a complete classification possible. Braids are such objects.
Almost wistfully, Artin captures how mathematics advances by recasting a difficult problem in more readily acces-
sible terms. He employs this strategy in the remainder of the paper. Specifically, Artin begins with the definition of a
braid as a weaving pattern that can be deformed according to certain rules. From there, he introduces the order of a
braid and then shows that the “system of all braids of order n is a group” (p. 294). As he puts it, “[t]he theory of groups
has been developed extensively, and its methods may be applied to our problem” (pp. 294–295). He then recasts the
classification of closed braids in terms of a group-theoretical problem, but not before describing the weaving pattern
of the braids in a girl’s hair. Thus Artin takes his reader from a difficult problem in knots to a more reasonable one in
braids to one in the more comfortable area of groups with the finesse of an accomplished artist. As Rosen suggests,
the “gem-like” quality of Artin’s writings does instruct and delight. But, it does more. It gives readers a glimpse into
what must have been a warm, genial Emil Artin.
As Rosen notes, there is currently no full-length biography of Artin. This volume, however, along with the publica-
tion of Benjamin Yandell’s informative, albeit brief, section on Artin in Yandell [2002] and the recent appearance of
Emil Artin (1898–1962): Beiträge zu Leben, Werk und Persönlichkeit, edited by Karin Reich and Alexander Kreuzer
[2007], has begun to redress this omission in the historical record. The first six articles in the Reich–Kreuzer volume
trace the life of Artin in chronological order from his childhood through his final few years in Hamburg. The remaining
three examine Artin’s contributions to modern algebra, his theory of braids, and his love of music. Both Rosen’s book
and the Reich–Kreuzer volume contain a number of memorable, previously unpublished photos of Artin, apparently
made available by the Artin family. The back cover of the Rosen volume, with a photo of Emil Artin, Emmy Noether,
and an unidentified man walking in Germany in the early 1930s, should not be missed.
Rosen describes Artin as one of his “intellectual heroes” (p. 1). With this book, he has made it entirely possible for
Artin to assume the same role for current undergraduate students, graduate students, and, especially, those who were
undergraduates a few (or even many) years ago.
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Few reliable biographical sources are available for the history of German mathematics in the first part of the 20th
century, when Germany was still producing a large number of mathematics graduates world-wide. Many German
Ph.D.s, such as Richard Courant (Ph.D. in 1910), Helmut Hasse (1921), Erich Hecke (1910), and Emmy Noether
(1908), became influential in their fields, or even world-class mathematicians, later on, and information about their
lives is relatively easy to obtain. Most Ph.D.s, however, went into secondary school teaching or industry and did
not leave a mark as research mathematicians. Finally, there were also many mathematicians, such as Wilhelm Cauer
(Ph.D. in 1926), Kurt Grelling (1910), Cäcilie Fröhlich (1926), Robert Frucht (1931), Jakob Grommer (1914), Was-
silij Höffding (1940), Ernst Hölder (1926), Siegfried Koller (1931), Wilhelm Magnus (1931), and Alwin Walther
(1922), some of them foreigners in Germany, who exerted an important influence on mathematics too but on whom
it is difficult to find biographical information. Some of them went into exile after 1933 (e.g., Fröhlich, Frucht: Tobies
identifies 45 men and 6 women among the exiled mathematics Ph.D.s). Others left after World War II (Höffding, Mag-
nus). Some perished in Nazi camps (Grelling). There were finally mathematicians who remained in Germany whose
careers were for various reasons and in various ways influenced by the political context, resulting in the international
reception of their results being negatively affected.
Tobies’ dictionary takes as its starting point the entries for mathematics Ph.D.s at German universities in the printed
annual directories (Jahresverzeichnisse der Deutschen Hochschulschriften) for the years 1907 until 1945. Crucially,
she complements these—which contain barely more than time and title of the thesis, at least for the years after 1922—
with information about dates, supervisor names, later careers, occasional remarks on political activities and religion,
and a secondary bibliography. The book does not list Ph.D.s from German-speaking universities outside Germany.
The author, Renate Tobies, is distinguished for her well-documented, strongly archive-supported research into the
social infrastructure of German mathematics in the 19th and 20th centuries. In the past decade she has focused and
extensively published on the career paths of German mathematicians, with some emphasis on the careers of women
mathematicians. The entries on the latter in her Biographisches Lexikon are highlighted, facilitating their identification
and recognizing the still exceptional role women played in mathematics—they were not allowed to study in Prussia
until 1908.
The main body of the dictionary (pp. 37–377) contains about 1550 short biographies, whose length varies from
a few lines up to half a page. Taking into account their factual character, they are accessible to readers with lit-
tle or no German. The introductory chapters, which outline the German research context at the time (and which
may be somewhat more difficult to read for non-Germans), are mostly focused on factual data as well. A spe-
cial Chapter 3 (pp. 17–37) gives a useful overview of the availability of archival material at German university
archives and beyond, i.e., in former German universities. It is to be hoped that sources on the World Wide Web
